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Simultaneous chemical and sensory analysis with multidimensional GC-
MS-Olfactometry
Abstract
Simultaneous chemical and sensory analysis with multidimensional gas chromatography-mass spectrometry-
olfactometry (mdGC-MS-O) combine classic chromatographic separations with sensory analyses. Trained
panelist and human nose is used as a detector simultaneously recording olfactory responses (aromagrams)
with chemical separations (chromatograms). Analysis of chromatograms and aromagrams enables separation
of odor- (or aroma-) causing compounds in very complex matrixes. Multidimensional chromatography by
heart-cutting with Dean’s switch enhances chromatographic separations. Combined with the sensory analyses,
it allows for isolation and ultimately, identification of odor-causing compounds. Mass spectrometry detection
allows for identification and quantification of specific target compounds. The objective of this paper is an
introductory overview of simultaneous chemical and sensory analyses using multidimensional GC-MS-
Olfactometry.
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6LPXOWDQHRXV FKHPLFDO DQG VHQVRU\ DQDO\VLV ZLWK PXOWLGLPHQVLRQDO JDV FKURPDWRJUDSK\PDVV VSHFWURPHWU\
ROIDFWRPHWU\ PG*&062FRPELQHFODVVLFFKURPDWRJUDSKLF VHSDUDWLRQVZLWK VHQVRU\DQDO\VHV 7UDLQHGSDQHOLVW
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UHVSRQVHV <HWPRVW RI µUHDOOLIH¶PDWUL[ DUH YHU\
FRPSOH[PL[WXUHVRIKXQGUHGV LIQRW WKRXVDQGVRI
FRPSRXQGV
,W LV JHQHUDOO\ DFFHSWHG WKDW RGRUV DQG DUR-
PDVSHUFHLYHGE\KXPDQQRVHDUHGH¿QHGDVPDOO
VXEVHW RI FRPSRXQGV LQ WKHVH FRPSOH[ PL[WXUHV
7KHVH µRGRUGH¿QLQJ¶RU µDURPDGH¿QLQJ´FRPSR-
XQGVDUHRIWHQFKDUDFWHUL]HGE\ORZRGRUGHWHFWLRQ







HTXLSPHQW 7KXV KXPDQQRVH XVHG DV D GHWHFWRU
FDQEHDYHU\XVHIXODSSURDFKWRLVRODWHDQGLGHQWLI\
NH\ FRPSRXQGV LQ FRPSOH[PL[WXUHV WKDW DUH UHV-
SRQVLEOHIRUWKHRYHUDOORGRUDQGDURPDRIDFRP-
SOH[PL[WXUH
6LPXOWDQHRXV FKHPLFDO DQG VHQVRU\ DQDO\VLV
HJ *& FRPELQHGZLWK VQLII SRUW DND *&2
WKDW FRPELQHVROIDFWRPHWU\ DQG WKHXVHRI KXPDQ
QRVH DV D GHWHFWRUZLWK FRQYHQWLRQDO JDV FKURPD-





FKURPDWRJUDSKLF VHSDUDWLRQ DVVRFLDWHG ZLWK PXO-
WLGLPHQVLRQDO *&  0XOWLGLPHQVLRQDO *& EDVHG




7KH REMHFWLYH RI WKLV SDSHU LV DQ LQWURGXFWR-
U\ RYHUYLHZ RI VLPXOWDQHRXV FKHPLFDO DQG VHQ-







FRPSOH[ PDWUL[HV RI KXQGUHGV LI QRW WKRXVDQGV
RI FRPSRXQGV2OIDFWRPHWU\ DQDO\VHV XVLQJ KX-
PDQ QRVH DV D GHWHFWRUZHUH VLPXOWDQHRXVZLWK
FKHPLFDODQDO\VLVYLDWKH067KH0'*&062





7KH PG*&062 0LFURDQDO\WLFV 5RXQG
5RFN7;V\VWHPFRQVLVWVRIDFRQYHQWLRQDO*&






DQDO\WLFDO FROXPQ 0RGHO 6*(%3 6*( FRQ-
QHFWHG LQ VHULHV DORQJZLWKD V\VWHPRIYDOYHVDO-
ORZLQJWKHWUDQVIHURIDJDVVDPSOHEHWZHHQWKHWZR






7KH WRWDO VDPSOH UXQ WLPH IRU HDFKDQDO\VLV LV
W\SLFDOO\ PLQ7KH FDUULHU JDV LV+H 







UDWHG LQ D FRQVWDQWSUHVVXUHPRGHZKHUH WKHPLG-














WHPSHUDWXUH IRU WKHVQLIISRUWFDSLOODULHVDUHVHW WR
&WRHOLPLQDWHYDSRUVFRQGHQVDWLRQ,QDGGL-
WLRQ KXPLGL¿HG DLU LV FRQVWDQWO\ GHOLYHUHG WR WKH
VQLIISRUWDWSVLWRPDLQWDLQDFRQVWDQWKXPLGLW\
OHYHO IRU WKH SDQHOLVWV¶ PXFRXV QDVDO PHPEUDQHV
7KH WLS RI WKH VQLII SRUW LV HTXLSSHGZLWK D JODVV
QRVHFRQH6*(3DUW
0XOWLGLPHQVLRQDO FDSDELOLW\ LV W\SLFDOO\
XVHGIRUEHWWHUVHSDUDWLRQRIJDVHVDQGRGRUVRI
FRPSRXQGV DVVRFLDWHGZLWK VZLQHPDQXUH7KH
0'*&062 V\VWHP ZDV FDSDEOH RI ZRUNLQJ
LQPRGHV LH*&),'RQO\*&),'2DQG
*&062 7KH 0XOWL7UD[ V\VWHP VRIWZDUH LV
XVHG WR FRQWURO WKH WLPLQJRI YDOYHV DQGKHDUW-
FXWV +& IRU HDFKPRGH +HDUWFXW LV GHILQHG
DVDSRUWLRQRIVDPSOH³FXW´IURPWKHQRQSRODU
SUHFROXPQDQGWUDQVIHUUHGWRWKHSRODUFROXPQ
&RPSRXQGV DUH IXUWKHU VHSDUDWHG RQ WKH SRODU
FROXPQDQGWKHQVLPXOWDQHRXVO\DQDO\]HGRQWKH
PDVV VHOHFWLYH GHWHFWRU DQG VQLII SRUW E\ D SD-
QHOLVWV:KHQ WKH+& YDOYH LV RSHQHG WKH JDV
VDPSOH LV WUDQVIHUUHG IURP WKH SUHFROXPQ LQWR
WKHSRODUFROXPQ)LJXUH:KHQWKH+&YDOYH









1: MultiTrax Controller 
2: PrecolumnSniffPort Selector 
3: Heartcut Valve 
4: CO2 Cryotrap 




9: Backflush Sweep 
10: Fixed Restrictor to Inlet 
11: Liquid CO2 Feed  
12: CO2Cryotrap 
13: Midpoint Pressure 
14: Heartcut Sweep 
15: Non-Polar Pre-column 
16: Polar Column 
17: Fixed Restrictor to MSD 
18: Open Split Interface (OSI) 
19: OSI Sweep 
20: Humidifier 











































VQLII SRUW )LJXUHV  DQG DQG UHFRUGV  VLJQDOV
VLPXOWDQHRXVO\ ZLWK RQJRLQJ FKHPLFDO DQDO\VHV












(close up presented in Figure 4) 
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),' VLJQDO DQG WKH$URPDJUDP  7KH$URPDWUD[
VRIWZDUH LV XVHG WR UHFRUG RGRU µHYHQWV¶VLPXOWD-
QHRXVO\ ZLWK FKHPLFDO VHSDUDWLRQV DQG DQDO\VHV
3DQHOLVWVHYDOXDWHRGRUFKDUDFWHULHZKDWLVVPH-
OOVOLNH"DQGLQWHQVLW\KRZVWURQJLVWKHVPHOORQ
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HYHQW DUHD RGRU GHVFULSWRUV DQG WKH QXPEHU RI
RGRUHYHQWVUHFRUGHGGXULQJWKHHQWLUHUXQ1XPEHU
RIGDWDEDVHVH[LVWIRUGHVLJQDWLRQDQGXVHRIFRP-
PRQ RGRU DQG DURPD FKDUDFWHUV VXFK DV /5, DQG
)ODYRUQHW6HQVLWLYLW\RIKXPDQQRVHDQGWKHOHYHO
RI WUDLQLQJYDULHV DQG WKHUHIRUH LW LV UHDVRQDEOH WR






 D FKURPDWRJUDSKLF SHDN DQG QR UHVXOWLQJ
RGRU
 D FKURPDWRJUDSKLF SHDN DQG QR UHVXOWLQJ
RGRU

















































1 Skunky 70 1.48 0.15 1048 -3
2 Skunky 50 1.81 0.11 549 -2
3 Onion 10 2.79 0.14 139 -1
4 Sweet, Buttery 50 3.51 0.41 2046 2
5 Onion 10 4.32 0.15 149 -1
6 Skunky, Sewer 30 6.2 0.14 419 -2
7 Grassy 50 6.5 0.34 1697 2
8 Skunky, Sewer 30 7.11 0.14 419 -2
9 Sewer 10 8.99 0.06 59 -1
10 Onion 10 10.05 0.12 119 -1
11 Mushroom 70 11.45 0.4 2795 2
12 Skunky, Sewer 70 12.5 0.11 768 -3
13 Acidic 50 12.85 0.22 1098 -2
14 Skunky 5 13.97 0.1 49 -1
15 Body odor, Fatty acid 30 14.43 0.2 598 -1
16 Body odor 10 15.14 0.12 119 -1
17 Skunky 50 15.83 0.06 299 -2
18 Body odor, Fatty acid 70 16.13 0.35 2445 -2
19
Body odor, Fatty acid, 
Sweet 70 16.83 0.49 3424 -3
20 Acidic, Fatty acid 10 18.17 0.12 119 -1
21 Acidic, Fatty acid 10 20.34 0.14 139 -1
22 Burnt, Phenolic 10 20.67 0.13 129 -1
23
Burnt, Phenolic, 
Medicinal 50 23.87 1.08 5391 -2
24 Burnt, Phenolic 10 25.39 0.16 159 -1
25
Burnt, Smoky, Phenolic, 
Medicinal 50 26.32 0.7 3494 -2
26 Burnt, Smoky, Roasted 30 28.18 0.8 2396 -2
27
Burnt, Barnyard, Taco 
Shell 30 30.03 0.95 2845 -2
28 Burnt, Medicinal 10 31.28 0.79 788 -1











 6FUHHQLQJ ODUJHUSRSXODWLRQRISDQHOLVWV IRU
UHVSRQVHVWRFHUWDLQFRPSRXQGDQGFHUWDLQFRQFHQ-
WUDWLRQ




 (QKDQFLQJ DURPDWLF FRPSRXQGV ZKHQ FHU-
WDLQDURPDVDUHGHVLUHG
)XUWKHUUHDGLQJRQGHYHORSPHQWDQGDSSOLFDWLRQ
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